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EFFECT OF LOADING VARIABLES ON THI BURNING
CHARACTERISTICS OF DEIL.AY POWDERS

Prepared by
E. E. Elzufon

ABSTRACT: A study has been made of the effect of loading varizbles and
obturation on the burning characteristics of delay powlers consisting of
manganese, barium chromste and lead chromate. Ths effects of increment
size, quantlty of igniter used. inside diameier of the delay body, type

of losding ram and loading pressure were investigated. Recommended limits
for the icading variables are presented. The maximum increment size and
alszo the nermissible inerement size variation decresse with a decrease in
body diameter. The inecrement size in ¥203 I.D., delay bodies was varied
between 200 and 700 mg without an appreclable effect on the burning rate.
The amount of igniter charge can affect the burning characteristies of the
delays. Fifty, thirty, twenty, and twenty mgs of igniter are recommended for
delays having internal dlameters of %203, "156, 1125, and ¥109 respeciively.
The smaller the diameter of the delay body, 'he more difficult it is %o
obtain sustained burning of the slow burning compositicns. Although the
s8lowest mixture (.08 inch/sec) burned satisfactorily at -65°F in %203
diameter bodies, the mixture failed to bwn in ¥156 diameter bodies.
Loading pressures between 21,200 psi and 38,800 psi were found to have a
negligible sffect on the burning rate of the delay powder. Gbturated
delays were found to have a burning rate approximately 30% higher than
vented delays. It is concluded that the burning characteristics of the
corpositions studied are primarily a function of the formulation. The
loading variables will not appreciably affect the burning time of the delay
providing they are held within the recommended limits.

U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYTAND
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This Report cutlines the results of a study of ons phase of the project,
Development of Gasless Fuze Powder (NOL-Re2e-10L-2). The investigation

was nade to determine the affect of varying the loading parameters on the
burning characteristics of manganese, lead chromate and barium chromate
delay powders; and to recommend limits within which they could be varied
without adversely affecting the burning characteristics. The results of
this investigation arc intended for the use of the Naval Ordnance Laboratcry
and should be of interest to other activitles engaged in developing pyro-

technic delays.
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X¥TECT CF LOADING VARIABLES ON THE BURNING
CHARACTERISTICS OF DELAY POWIERS

INTRODUCTION

1. A pyrotechnic deslay powder composed of manganes®, lead chromate, and
barium chromate, is at present being considered for use in a variety of
orinance devices. In the design of the reguired delay elements, knowledge
of the effect of various loading varisbles on the behavior of this powder
is required. A study therefore has been mades of the effect of the follow
ing variables on delay behaviors

a. incremsnt size in loeading

b. size of igniter charge

Cs body diametex

4. type uf ram

e laé,ding Prossure

f. vwenting and obfuration
Procedure

2. In making these studies, a variety of mixtures was used. All wore
pr2pered in three pound batches according to the procedure outlined in
reference (a), using Mn pretreated according to reference (b), methods

f and g The burning 4imes and the compositions of the mixtures investigated
are listed in Table I,

3. These investigations included both ventod and obturated delays. The
doelay bodies, procedure for loading the compositions in the bodies and the
delsy assemblies are shoun in Fletes 1 through 5. The delay columns in all
ecases were locded at 30,000 psi except when delays were preparsd to investi-
gate the effect of loading pressures. In loading bodies using the cone ran,
the igniter and the adjoining increments at both ends of the delay pouder
were prossed together. In flat ram loadings all increments including the
igniter vere pressed separately. :

4. The firing Jig for the delays is shoun in Plates 6 and 7,. The delays
were timed using the method cutlinod in reference (b). Vented bodies vwere
initiated with Dupont S=67 electric squibs. A base charge of about 15 nmg

of black powder was used in the vented delays. The completely obturated
deleys wvere inltiated with a low energy electric initiator that contains 5 mg
of lend styphnate. The base charge in this case was a smokeless powder
pellet or 2 7O mg black powder pellet,

1
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5. Cold tests were run in a temperature controlled room at tempergtures
varying from -70° to ~60%. The firing jig heated up to about =550F
maximm during the firing runs. High temperature tests were rum in a small
box with temperatures varying from #1559 to 170°F. The temperatures of the
firing jig were not taken during these runs.

Increment Size Studies

6. In an effort to determine the effect the increment size of the delay
powder has on the burning time of these delays, the following tests were
carried out. D=7 mixture was loaded in %203 diameter vodies, in increment,
sizes &3 indicated in Table II. These were fired at room temperature and
the burning times recorded in Tzble II and plotied in Plate 8. The resulis
of this test indicate that increment size affects both the height of the
delay colurm and the resulting burning time for a given weight of delay
powder. However, Plate 8 indicates that within these limits the burning
times in geconds ver unit lengtn of delay column is constant regardless of
the increment size used.

7. A nore thorough study was then made of the effect of increment size on
delay turning times and column heights in J205 bodies. The data teken are
shown in Table III and plotted in Plates 9, 10 and 1l. Burning time and
columm height data indicate that if increment size variations are kept within
reasonsble limits the effect on the burning characteristics of the delay will
be negligible, For J203 bodies it is recommended that delay powder increment
sizes Ve kept between 200 and 700 mg. Burning times of delays loaded as
recommended may be considered directly proportional to column height and both
in tuwrr proportional to the weight of delay powder used provided that the
diameter of the column and the loading oressure are held constant.

8. Misxtures F2, M2, S2 and X2 were loadéd in 7156 bodies with increment
sizes varying from 100 to 300 mg. These delays were fired and timed and
the results recorded in Tables IV, V¥, VI and VII. These results were
plotted on Plate 12. Results indicate that for these mixtures varying the
increment sizes from 100 to 300 does not affect the burning times of the
delay. It is recommended that for 156 bodies increment sizes be kept in
this renge.

9. Mixtures F2 and M2 were loaded in 1125 bodies in 75, 150, and 250 ng
increments. These delays were fired and times recorded in Tables VIII and
IX and nlotted in Plate 13. In mixture M2 the 250 mg increments gave
shorter burning times than would be expected. This seems to resuit from
delay powder getting betwesn the ram and the walls of the delay body, therc-
by causing excess wall friction and reducing the effective loading pressure.
It is therefore recommended that in 125 bodies increment sizes larger than
150 ng be avoided.

10. Tn a similar manner the data listed in Tables X and XI, and plotted in
FPlate 1L, show that for a U109 body, increment size of the order of 200 mg
produced faster burning rates than expected. It is rescommended that in J109
bodies increment sizes not exceed 125 ng.

2
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11l. The feregoing indicates that the optimum increment size for production
loading of delay columms should be selected not only with an eye towards
getting the smallest nurber of Increments but also towards getting an increment
size that is small enough to eliminagte the orobability of loading irregular-
1ties due to excessive wall friction,

Minimun Ygniter Studies

12, In order to determine the minirum amount of igniter powder, which would
reliably ignite these delay powders at all temperatures, & slow burning

mixture with a specifie burning time of over 1.0 seconds per inch was used.
These delays were loaded in %203 bodies using the rams shown in Plate 15 and

the methods illustroted in Plate 16,

13, The results of this study (see Table XII) indicate that regardiess of the
loading procedure used, 20 mg of F33B igniter will give ignition at 77%.
However, at «55°F 20 mg will give ignition only with flat ram loading.
However, 50 mg did provide ignition in all delays at 2ll temperatures.

1. Tt 1is recommended that in loading delays in %203 bodies a minimum of
50 mg of igniter be used. In cold box tests of smaller diameter delays
(see Tables III through X) smaller charges of igniter were used and found
to be satisfactory. The following charges ara therefore recommended ag
minimum for all-dlameters:

1203 50 mg
156 30 ng
m2s 20 mg
d109 20 mg

Body Diameter Studies

15. At times, because of space limitations, it becomes desirsgble to decrease
the size of the delay body to a minirum., In the design of a delay colum it

is important to know what burning area is required to provide sufficient heat
for the gelf-burning propagation of the delay columm. For this reason, studies
wore mace to attempt to relate the burning characteristies of the delay column
with burning rate of the composition, diameter of the burning area and the
temperature. Delay bodies having intermal diameters of .203, .156, .125 and
2109 inches were used in these studies. The delay bodies were lcaded with
compositions that had burning rates in the order of 0.35 to 0.08 inches per
gecond =t room temperatures. Burning rates were caleculated graphically from
Plates 12, 13, 1L and 19. The results of these tests ars shown in Table XIV.
The height of delay colum, weipght of delay powder used and delay column
diameter have the relationships shown in Plates 21, 22, 23 for all the
mixtures used.

16. The delays were tested at room temperature (77°F and «65°%F). Mixture F2
which hzs a burning rate of approximately 0,35 inches per second burns
satisfactorily in all diameters at all termperatures. Mixture M2 with a .
burning rate of gpproximately 0.11 inches per seccnd burns satisfactorily in
all bodies at 77°F but produced duds when burned in %125 and 109 bodies at =650F.

3
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Mixbure SE wibth a burning rate of arproximately Q.09 inches psar second

burns s1%isfactorily at all temperatuvres in §203 and Y156 bodies but

failsd to burn in 125 or 109 bodies. Mixture X2, the slowest mixture

used ir this study at a burning rate of 0.08 inches per second burned &%

all terperatures in 203 bodies, but only at room temperature, in §156 bodies.

17. ke above results indicate that there exists a relationshir betweeon
burning rate, column diamcter and =bility to sustain burning at various
tomper:tures. The quantitative determination of this relationship was beyond
the scupe of this taske.

Effect of Different Rams

18. Ir the ignition of some types of pyrotechnic mixtures a cone or stepped
ram 1s used tc increase the ignition area. However, loading with a cone ram
is more difficult than with a flat ram due to the tendency of the composition
to adhere to the surface of the cone. In order te determine whether a cone
ram is nsecessary for the reliable ignition of this type of delay colum, a
study vas made using two different rams as illustrated in Plate 15 and loaded
as oreviously mentioned in Plate 16. Table XII indicates that there is no
significant difference in ignition dus to the different rams used. However,
a cone ran shortens the effective column length of the delay train therecby
giving reduced total burming times. Data given in Table XIII and nlotted in
Plates 17, 18, 19, and 20 illustrate this point.

Effect of Varying Loading Pressures

19, In order to determine the effect of the loading pressure on the burning
characteristics of the delay column, the following test was conducted:
Delay columns ¥203 in diameter were loaded with 50 mg of F33E at the primer
end, 30 mg of F33B at the base end, and thras increments of 350 mg of M2,
Five bodies c¢f each were loaded at varylng pressures as shown in Table XV.
These data indicate that loading oressuces between 21,200 psi and 38,800 psi
have a negligible effect on the burning rates of these powderso The main
loading pressure of 30,000 psi was varied ¢ 29.4% resulting in burning time
changes: of + 3.5%, burning rate changes of + .00%, and variations of packed
column heights of 4 2.6%. Thus for loading pressures in this range (30,000 psi)
the efflect of changing the loading pressures would be negligible if these
variances are kept within % 5%,

Effect of Gbtuwration on Burning Rate

20. In the design of delay elements the question of relative behavior of
vented and obturated delays arises. In order to get information regarding
the efiect of obturation on the burm.ng rate of the delay the tests describsd
below were conducted. Bodles shown in Plate )i were lcaded and assembled as
indicated in Plate § for these tests. A1l loading was done with flat rams.
The over-all length of these bodies was 12790 3 .005, providing a space of
approximately 0¥910 for the delay column. Two series of bodiez were loaded
for this test as follous (1) Series A was losded with 50 mg of F338 at the
primer end. Varylng amounus of delay powder mixture ML were used and any
cavity remaining at the base end was £illed with F33B powder., (2} Series B
was loaded with varying amounts of mixture ML and 30 mg of F33B at the base
end and any cavity remnining a’% the primer end was filled with F33B.

L
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21. Burning times are given in Table XVI and the results are plotted in
Plate 2k. Tn Plate 2L bwning times are plotted against the colunm length
of the delay train. The slone of line A indicates that without an excess
of igniter at the primer end a burning time of 6,50 seconds per inch is
obtained at room temperature. This compares with a burning time in 7203
vented bodies for ML of about 9.20 seconds per inch at room temperature.
Therefore. the obturated delays tested burned approximately at a 3oz higher
rate than the vented delays. In obturated delays the effect of excess
igniter at the primer end is greater than in vented delays. ILine B in
Plate 2 1llustrates that with excess igniter the burning time is not
necessarily a linear function of column length. Therefore cbturated burning
rates greater than 307 above vented burning rates can be expected if excess

igniter is used.

Recommendations

22. It is recommended that loading wariables be kept within the limits
specified in Table XVII. It is further recommended that flat rams be used
in all loadings of these delsay powders. It is further recommended that
vented delays be used whenever possible in the design of fuze trains.

CONCLUSION

23. The burning characteristics of loaded Mn-PbCr0),~BaCr0); delay powders
are a function primarily of the formulation. It i3 not feasible to

appreciably change the burning rates of delays by varying the loading
parameters. Plate 25 indicates that for different mixtures there is a linear

reiationship between specific burning time in inches per secend and the burn-
ing time for delays loaded in the same manner.

S
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TABLT T

Chemical Compositions and Burning Times (at 77°F)
of the Mixtures Used in These Studies

Composition (weight )

Speecific
gg:?;i:ticn ¥n PoCr(), BaCrO) .2:§?ig§rtig§h
Fe2 13.2 52,3 LS 3.0
Fel L3.8 53.2 3.0 3.2
M2 33.h " 37.6 2940 8.6
M-1 35.0 40,0 25,0 92
D=7 3k.3 37.2 28,5 9.8
Sw2 31.L 3h.6 3k.0 11,0
X2 29.8 32.2 38,0 12.h
X-1 31.h 3kh.6 3kh.0 12.7

6
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TABLE II

Burning Times and Column Heights of Delays Loaded With
D~7 in Varying Increment Sizes in ,203" Bodies

(Igniter: 50 mg F33B Primer Fnd, 30 mg F33B Base End, Flat Ram)

Delay Charge Symbol on Column Burning
Total Weight Increments Plate 8 Height Time
1400 mg . 2.0f 700 | | o701 5,65

) " . 676 5047
n 4 of 350 . +650 5039
) 8 o047 5024
" " 2646 5037
" 7 of 200 ’ 622 496
g n 638 5,13
® " 0633 4.9

700 mg 1 of 700 4360 2.77
" n 0361 2,72
" 2 of 350 0342 2,66
2 " +350 2,77
" 4 of 175 0341 2,71
" " 0343 2,68
" " 340 2,77
" 3 of 200 +340 2,67
" 1 of 100 ° 2330 2,59
e " 340 2,56

I
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TABLE XIX
Results of Minimmum Igniter Studies in .203"Bodiss

Amount Room Temperature (77°F) Cold Box (=65°F)
Type of 70 50— 30 20 10 50 30 20
Loading Igniter mg mg mg mg mg mg mg ng
Cone up + + + 0 + 0 0
o+ + + o+ o it + Y
+ + + + 0 0 0
Cone down + + + + + * i
+ 4 + + + + (o} 0
+ + + + + + + 0
Flat rum + + + + 0 + + +
+ + + + 0 + + +
+ 4 + + 0 + + +
0O Duds
+ Satisfactory Ignition

17
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TABLE XIII

Burning Times and Column Heights as a Function of
Differgnt Rams for all Mixtures Loaded in .203nDiameter Rndies

(Ignives~F33B=100 mg rrimer End, 70 mg Base End, Cone Ram)

Mixture Fo2 M2 52 X-2
e . Time Ht. Time Ht, Time . Hte Time
(In.) (Sec.): (In.) (Sec.) (In.) (Sec,) (In.) (Sec.)
No. Increment
(350 mg)
1
2 »383 1.02 07 2,68 26 3,39 U3k 3.86
3 516 1.0 570  L.06 58 Lo97 0595 5,92
L
5 - 769 2.03 .869 6,60 o504 8.54 916 . 9 o9l;

(igniter-F33B=50 mg Primer End, 30 mg Base End, Flat Ram)

(350 mg)

1

2 0312 1.00 «3L9 2,79 <359 3.61 ‘ 0342 L.25
3 Jllily 1636 -U97  hL.10 516 5.3k 527 6,16
L

5 o711 2.10 792 6462 836 8,79 845 10,10

18
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TABLE XIV
Burning Characteristics as a Function of Body I.Do

Cross Room Temperature
Section Burning . Burning Burning:#
. Diameter Area ime Rate Room
Mixture in., in. (sec/in) (in/sec) Terporature  =85°F
Fe2 0203 »0305 3.00 0.33 B B
i 0156 20192 2,80 0.36 B B
» 0125 .0123 2,50 0.0 B B
i/ +109 0093 2.80 0636 B B
H=2 -203 20305 8450 0,116 B B
w/ ‘ 0156 00192 8.80 0.11lL B B
L <125 .0123 9 .10 0.110 B F
" 2109 0093 B F
S=2 0203 »0305 10.90 .092 B B
U «156 - 0192 11..00 <091 B B
] 0325 20123 F F
) «109 -0093 F F
X=2 2203 .0305 12.40 -081L B B
L) 0156 ~0192 B F
L 0125 00123 F F
" 0109 - 0095 F F

#B = Burned Satisfactoerily
¥F = Failed to Burn

19
CONFIDENTIAL




CONFIDENTTAL
NAVORD Report 2262

TABLE XV
Effect of Loading Pressure on Packed

Pensity and Burning Rate of Delay Powders

(0203% Bodies, M-2 Mixture, Flst Ram 3 Increments of 350 mg SO 4 30 mg of F33B)

Average Average
Column Burning Average Burning
Pressure Height Tima Rate
Dial Reading (psi) (inches) (gaconds) (inches /second)
29 21,200 518 4018 o12h
35 25,600 R Lolly 012l
I 30,000 <505 li Ol 0125
ll? 3)4’1‘00 oh% }Jo 00 01214.
53 38,800 oli92 3.51 0126

20
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TABLE XVI
Burning Times of Sealed Bodies Delage
F33B Height F33B Colurm Burning
Shot Series Pgiger ggizg; gige (iﬁgﬁzg) (Sgigids)
1 A 4B 50 0 1,00 050 020
50 0 1400 =050 021
50 0 100 <050 .22
2 A 50 350 1200 190 1,17
3 A 50 700 950 350 2.10
50 700 950 2350 2.13
h A 50 1050 7C0 o195 3617
%0 1050 700 195 3.00
5 A 50 1200 580 560 3059
50 1200 580 560 3.60
6 A 50 1400 450 645 liodhy
7 A 50 1750 200 795 S.1h
50 1750 200 795 5,15
8 A% B 50 2100 30 -SL5 6.11
50 2100 30 SIS 6.07
50 2100 30 o935 6.05
2a B 1200 350 30 +190 <93
3a B 700 1050 30 <L95 2.38
| 700 1050 30 1S5 2.4h
Ta B 250 1750 30 795 ho3l
250 1752 30 »795 Lol

#Delay Column Length « Length for Delay Powder ¢ Length for 80 mg F33B

(SO Primer End 30 Det. End)

21
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PLATE 1
VENTED BODIES

NOTE 1 - OVERALL LENGTHS VARY
ACCORDING TO SIZE
OF DELAY COLUMN

AN

AN

NOTE 2 - HOLE REAMED AS FOLLOWS:

NOTE NO.2 NORMAL BODY HOLE
SIZE DIMENSION
0.109 0.109°: 0%
/" 0,125 0.125°3: 332
C ¥ 0156 0.1568:8%
0.203 0.2033:3%%

MATERIAL VARIED AS FOLLOWS:
& - BRASS
b - COPFER

8 - STAINLESS STREL
- 0.50010.005 —
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PLATE 2
LOADING PROCEDURE
VENTED BODIES, CONE RAM

N A~5 BLACK POWDER, 30,000 PSI, FLAT HAM.
BASE IONITER, MACH.PRESS 30,000 PSI,
FLAT RAM.

DELAY, 1-INCREMENT, HAND PRESSED, CONE
RAM.

F=33-B PRIMER END, HAND PRESSED, CONE
m. -

DN A-S BLACK POWDER, 30,000 PSI, FLAT RAM.
BASE IGNITER, MACH.PRESS 30,000 PSI,
FLAT RAM.

2ND DELAY INCREMENT, HAND PRESS, CONE RAM.

1ST DELAY INCREMENT, MACH.PRESS 30,000 PSI
CONE RAM,

IGNITER PRIMER END, HAND PRESS, CONE RAM:

€,

e 3 )
‘ LAY L XA I‘
AN OO
-'.*—f-:i&!*:':\

——  A=5 BLACK POWDER, 30,000 PSI, FLAT.RAM.
f— Bﬁﬁ IONITER, 30,000 PSI MACH.FRESS, FLAT

LAST DELAY INCREMENT, HAND PRESS, CONE
RAM,
| 2ND DELAY INCREMENT, MACH.PRESS 30,000 PSI,
CONE RAM.
| 1ST DELAY INCREMENT, MACH.PRESS 30,000 PSI,
- CONE RAM.
%\ - PRIMER END IONITER, HAND PRESS, CONE RAM

AS NUMBER OF DELAY INCREMENTS INCREASE, LOADING IS UNCHANGED.
(ALL ADDITIONAL UELAY INCREMENTS MACHINE PRESSED AT 30,000
PSI, AND LAST INCREMENT HAND PRESSED BEFORE BEING PRESSED
TOGETHER WITH BASE IGNITER).
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PLATEB 3

LOADING FROCEDURE
VENTBD BODIES, FLAT RAM

—— A=5 BLACK POWDER
—— BASE IGNITER

f 1

PA

.___j DELAY INCREMENTS

WA —— PRIMER IONITER

ALL INCREMENTS, REGARDLESS OF NUMBER,
IONITER, DELAY OR A~5 BLACK POWDER
PRESSED SEPARATELY WITH FLAT RAM AT
30,000 PSI
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rq——ﬂnjcﬁ—b
I PLATE |
.._0.260 BODY FOR SEALED
‘ 0014'( DELAY TESTS
Il | ‘r
d %
- 2
E ; «0.260 _, ::
g A =00 f:
3 ] g
4 )
(7
1 Vi
%
g 7Y
f:' 1V
- A %
7’ % /ﬁ-sz-nzr-a
/ v 1L// 1\
' %gg 1 b 4
0.203"990% RmaAx

MATERIAL: STAINLESS STEEL,
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PLATE 5
SEALED DELAY ASSEMBLY

DELAY CAP SK=31352L

/

SEALING DISK SK=313526

< BASE CHARGE, 70 MO BLACK FOWDER
N OR SM P. PELLET

DELAY COLUMN, LOADED THE SAME
AS VhENTBD BODIBS, FLATES 3
AND L.

DELAY BODY SK=313523

WASHER 5K=125290

LOW ENERGY INITIATOR SK-303920
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PLATR 9

BURNING TIME = VS - COLUMN LENOTH
FOR STANDARD D-7 MIXTURE
0,203" BODY, CONE RAM

100 M3 F338 PRIMER END
70 M3 F33B BASE FND

LS50 MO INCREVENTS

~659 P, 350 M) INCREMENTS
+160° F, 350 M3 INCREMENTS

250, 350, k50 Mo
IBCREMNENTS FIRED

AT
ROOM TRMP (77° ) ——><

0.2 Ol 0.6 0.8 1.0 1.2 1.k
COLUMN LENOTH (INCHES)
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TOTAL DELAY COLU:N LENGTH (INCHES)

1.9

1.8

1,6

1.4

0.6

0.k

0.2

18

16
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PLATE 10

BURNING TIME & COLUMN LENGTH VS
NUMBER OF INCREMENTS DELAY (D=7)

(350 MG INCREMENTS)

LOATED WITH 100 M3 F33B PRIMER END

LOADED WITH 70 MO F33B BASE END
LOADED USING COME RAM IN 0,203
BODIES

L 6

INCREMENTS OF D=7 (350 MG/INCRE)
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PLATE 11
BURNING TIME AND COLUMN HEIGHT
FOR 250 MG AND 450 MG INCREMENTS
(STANDARD D=7 MIX.)

0,203 DIAM CONE RAM
100 MG F33B PRIMER END
70 MG F33B BASE END

18.0 //
BURNING TIME

|cOLUMN HEIGHT LS50 MG INCR = LS50 M3 INCR

16.0

COLUMN HEIGHT
250 MG INCR

12.0

TIME 250 M3 INCR

10.0 (

B.0 7

Z

BURNING TIME (SEC) (10X COLUMN HEIGHT)

6 8 10 12 1l 16
NUMBER OF INCREMENTS OF D=7
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PLATD 12 BURNING TDML vs CCLUMN HEIGHT

0,156" bCDILE, FLAT RAM

ALL FIRED AT RCOM TREMPRERATURL IGNITERY 30 mg PRIMEN END
X 100 mg INCREMINTS 2U mg BASE LND

® 200 mg INCLENENTS
© 300 mg INCHIMENTS

12.0

10,0

G40

4

2.0 Xo ——

X _‘-_...lt"'##

0 0.2 Ouhy 0.6 0.8 1.0
COLUMN HMEIGHT (INS.)
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PLATE 13 . URNINCG TIKE vs CCLUNIN HLIGHT

VENTLD 0.125" BCDIES IGNITER: 20 mg PRIMIR LND
e 75 mg INCRILENTS 12 mg BASE LND
o 150 mg INCRIMENTS FLAT RAM
10.0 X 250 1o INCRELENTS
X
8.C )
Me2 (75 mg AND 150 mg INCREMINYS) P

/ -
640 ~

’ 4

e /f; (250 INCRI )
= b mg INCRIENT'S
Vv’

2.0 o
A =

Yo 0420 0.L0 0,60 0,00 1.00
CCLUMN HEIOHT (INS.)
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§ FLAT RAY

2§ 20 mg PRIMIR END
S 1> 1z BASE END

CCLUMN HEIGHT (INS)

CUNSINDNTIAL

10,0 t -
840 - /3’

M=2 (60 mg AND 125 mp INCHIINTS)

./
':-".C' /‘
Lla'u'
M=2 (200 mg INCREIL.NTE)
-y /é
I__,,--"’";-"‘/‘F’-;a"r’l
Yo 0420 0oL0 060 0,80

1.00

B o B 1 B 3

i

Caxici
S —
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PLATE 15
DIMENSIONS OF RAMS

1 - FLAT RAM .
BODY TO BE DIMENSIONS A £ 05058
LOADED A B _ ]
0.203" 0.201 0,175
0.156" 0.15L4 0.135
0.125% 0.12h 0.110 .
0.109" 0,108 0,090
.
)
S
§ <—— A (SAME AS FIAT)
2 = CONE RAM 3
CONE RAM USED ONLY IN 0,203* 3
DIAMETER BODY 3
— ~— B (SAME AS FLAT)
FOR FULL DETAILS OF RAMS SEE:
NOL=-SK=313190 T —»|| |j~—— 0.,060%0,001
SK-313188 I '
—=| |~—— 0.030:0,001
Ty
@)
-
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PLATE 16

MINIMUM IGNITER STUDIRS

CONE UP

CONE DOWN

FLAT RAM

CONFIDENTIAL
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(LOAD:D wITH 50 mg F33B PRIMRR END
BASLH BERDL USIWG FLAT RAl..

AND 30 mg T'33B

0,203" _CLLES

)

Trfem T v Ime
Aivldlan oLy d e

PITXTEE

Y

/

e

EIATURY

e

Fap

[

2 3

350 mg INCRE. P'T%

el
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12
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RUNNING TIME Vo NUMBRR COF INCRECENTS
(LOADTD WITH 120 M3 F333 PRIMEA END
LOADED WITH 70 MG F33B BASE END
LOADED USING CON® KAM,)

0.203" BODIES

HIXTULE X=2
:///’//y/////,/////'l////,
MIXTUNF G=2
KMIXTURE Me2
7.
/ = s
0 il 2 3 i 5

IUMZER OF 350 W3 INCREMENTS
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PLATE 19 BUIIING TLik vs CLLUMN HEIGHT

Fuz_*.’}. Al = 00203" BCOOIES
350 mg INCREMLINTS
50 mg F33B PRIMER END
30 mg F338 BASYE END

MIXTURE X=2

7

\

/

o= = =I= =

,
FIXTURE F=2

\

BURIIEG O

TT™E OF
ITGUITLI:

Ol 0.6 0.8 1,0
COLULYN HEIGHT (INo,)

v
W

DGR TE
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PLATE. 290

BURNINT TIME VS COLUNMN HEISNT
LOADING IN 0e.203" BODLIES, 350 ki INCHARMENTS

100 3 F33B FrIMERr END
3 F33B HAUY SND

70

P (@ S+

HIATUE

Al KTURE

-

et 4

nE M=2

s

-t -
St e -

7/
W

,,..w""'"r HIXTURE F=2

1
i
Oell

COLURN HEJ SH
oF IGNITER

Ue l£ O.

2] ), 8

COLIEAN HEI ™1 IN INOHTE
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PLATE 21 COLUMN HEIGHT vs WEIGHT OF DELAY

0.203" BODIES
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0

\\

70

BASE
CONE RAM

IONITER: PRIMER 100

1.0y

0.8

-

_ =1
SHHONT
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FLATR 2}

BURNING TIME OF TRLAY Vo STHMULATED COLUMN LENGTHS
IN OBTURATED =2ON1EL,  USINg sl XTUKE -l
860 :

7.0

6.0 . 4
o /7
5.0 ' ' v/
- /

N . A
12,0 //,//B

- /,//
S A |

0 010 0420 030 0,L0 0.50 0,60 0&7T0 0,80 0490 2.00

SIMULATED COLUMN LENGTHS (INCHES)
A EXCESS IGNITE. BASE EYD, B FRYCRUS IGNITRR PaliFx FND

L

by

~TY
ur

4E
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PLATE 25 RELATION BETWREN SPEC
AND "A"™ DELAY TIMES FCR V&
lboG i £

{E 12.0

=
L)
o

2]
.
L=

(SECONDS PER INCH)

g

1
L)
L

SPECIFIC BURNIWG 707
"N\\

. A T e o R R N
mA" DELAY TIME (SIgq
A DELAY = 100 mg F33B + THRLE 352 ng LEy
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